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Objective. To compare learning outcomes achieved from a pharmaceutical calculations course taught
in a traditional lecture (lecture model) and a flipped classroom (flipped model).
Methods. Students were randomly assigned to the lecture model and the flipped model. Course instructors, content, assessments, and instructional time for both models were equivalent. Overall group
performance and pass rates on a standardized assessment (Pcalc OSCE) were compared at six weeks
and at six months post-course completion.
Results. Student mean exam scores in the flipped model were higher than those in the lecture model at
six weeks and six months later. Significantly more students passed the OSCE the first time in the flipped
model at six weeks; however, this effect was not maintained at six months.
Conclusion. Within a 6 week course of study, use of a flipped classroom improves student pharmacy
calculation skill achievement relative to a traditional lecture andragogy. Further study is needed to
determine if the effect is maintained over time.
Keywords: flipped classroom, traditional lecture, randomized controlled study, pharmacy calculations, objective
structured clinical exam

now allocated to understanding and mastery of concepts
rather than dissemination of facts.
The flipped classroom model leverages the collaborative learning process. Classroom time provides students
opportunities for concept application through active processes. Students complete problem sets, solve cases, participate in debates, or engage in a variety of other active
learning methods during course meetings. These active
processes provide students opportunities to leverage the
benefits of group learning by discussing problems, comparing opinions, identifying outcomes, and critiquing
thought processes.6
Such collaborative learning processes benefit overall
student learning by providing opportunities for the student
to develop a conceptual framework (individual understanding) and engage in social discourse (group understanding).
The power of this learning process resides in the ability of
peers to convey the meaning of difficult concepts to their
fellow students more effectively than the instructor.6
Tapping the power of peer-to-peer learning requires
the allocation of time. Shifting course content delivery
(knowledge dissemination) to outside the actual course
meeting is a requisite component of collaborative learning

INTRODUCTION
For more than 20 years, higher education reformists
have advocated for significant changes in the way students
are educated.1,2 Gaps between learning goals and student
achievement are often noted and attributed to deficiencies
within the traditional, lecture-based model of instruction.3,4
This misalignment of educational goals and outcomes has
resulted in a movement to clarify faculty expectations, implement systematic assessment, improve curricular integration, and increase the use of classroom active learning.5
New teaching models are sought in an effort to overcome the deficiencies inherent to the lecture andragogy.
One such teaching model is the flipped classroom. This
model takes the traditional lecture model and “flips” the
learning process (Table 1) in which instructional time is
Corresponding Author: H. Glenn Anderson Jr., Marshall
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while reinforcing core skills developed within the didactic curriculum.
The school’s faculty has identified several core skills
or behaviors that are reinforced in the P1 IPPEs. These
core skills and behaviors include basic communication,
team work, professionalism (dress, communications, and
networking), pharmacy calculations, and clinical immunizations. Matriculating students are expected to master
these skills during the first five weeks of the first-year
curriculum while enrolled within the PHAR 511 Clinical
Immunizations and PHAR 541 Pharmacy Practice I
courses.
A randomized, two-group parallel study design was
selected for this investigation. All students enrolled
within the PHAR 541 course (n578) were eligible for
study inclusion. Seventy of the 78 enrolled students consented to participation.
Students were randomly assigned to one of two educational conditions through use of a stratified, randomized block method. Strata for the randomization process
were determined by quartile of student performance on
the Pharmacy College Admission Test (PCAT) Quantitative domain.
The first educational condition was a traditional lecture model (lecture model) and the second was a flipped
classroom model (flipped model). The structures of the
two education conditions are summarized in Table 1. Fundamental differences exist in how time prior to class,
during class, and after class were structured. Key components of the flipped model are inclusion of pre-work with

models. Reading assignments, recorded lectures, problem
sets, and other content are assigned and completed prior to
attending course meetings.
The flipped classroom andragogy is a recent target
for research in medical and pharmacy education. The evidence currently available suggests that student perceptions are favorable toward the flipped classroom, as
students have responded positively to questions regarding
both preference for and learning within the andragogy.7-9
Improved student attendance and course outcomes have
also been reported.8,10-12
Currently lacking is evidence derived from prospective, randomized, and concurrent studies comparing the
short- and long-term learning outcomes of students engaged in traditional lecture and flipped classroom andragogies. In this study, student outcomes from two sections of
a pharmaceutical calculations course are compared between one section delivered as a traditional lecture andragogy and the second as a flipped classroom. The sections
were delivered concurrently by the same instructors at the
Marshall University School of Pharmacy.

METHODS
The Marshall University School of Pharmacy curriculum is designed to allow early integration of didactic and
experiential learning. The school’s first-year (P1) students begin Introductory Pharmacy Practice Experiences
(IPPEs) as soon as the sixth week of the curriculum. The
school has aligned the didactic and experiential curricula
to allow P1 students to actively engage in early IPPEs

Table 1. Comparison of the Educational Structure for the Lecture Model and Flipped Model
Lecture Model
Before Class

Reading assignment

During Class

Lecture
Instructor modeling/examples

After Class

Homework

Flipped Model
Preparatory work (1 or more of the following activities)
Recorded lectures
Reading assignments
Group activities
Individual activities
Readiness Assurance
Group test
Individual test
Preparation for Active Learning
Brief lecture
Instructor modeling/examples
Active Learning (1 or more of the following activities)
Discussion
Group case studies
Guided note taking
Problem sets
Simulation
Think-pair-share
Reflection
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ing model to which they were not assigned. This study
was approved by the Marshall University Institutional
Review Board.
The school’s curriculum committee approved the
PHAR 541 course syllabus (including objectives, schedule, and assessment plan). This syllabus was used in both
course sections.
The two educational models were taught at separate
times, with the flipped model’s course meetings held in
a 90-seat studio classroom and the lecture model’s held in
a 35-seat stadium classroom setting. To limit the variance
in student outcomes attributable to instructor-specific
biases and differences in course material, the same instructors (study investigators) were assigned to teach both
course sections; both course sections met on the same day
of each week; and the same posted course materials (ie,
notes), in-class examples, and problem sets were used
during both course meetings. Lecture model problem sets
assigned as homework were equivalent in number of
problems and problem difficulty to pre-work problem sets
assigned to the flipped model. This design decision was
implemented to minimize skill practice’s ability to confound the effect of the learning model.

each class meeting, readiness assurance, and use of classroom time primarily for active learning. Pre-work consisted
of readings, recorded lectures, performance of guided tasks,
or other activities developed by the instructor. The purpose
of these activities was to “front load” course content and
allow course time to be used for application of concepts and
provision of feedback. Pre-work materials were not available to students assigned to the lecture model.
Readiness assurance is a synonym for quizzes or
other activities designed to assess student understanding
of assigned pre-work and is a mechanism through which
responsibility for course engagement is delegated to the
student. Active learning activities in the classroom included but were not limited to discussions, think-pairshare exercises, collaborative case studies, guided note
taking, and problem sets (Table 2).
The flipped model is the standard classroom environment within the Marshall University School of Pharmacy. All students not enrolled in the study were assigned
to the flipped model. All students, both study participants
and nonparticipants, were instructed at the beginning of
the course and several times during the semester to refrain
from sharing course materials with students in the learn-

Table 2. Comparison of Content Sequencing and Instructional Methods used in the Traditional Lecture and Flipped Classroom
Models
Class Meeting
1-2

2-4

5-6

7-8

9-10

11-12

13-16

Content Area

Instructional Methods
Traditional Classroom
Flipped Classroom

Fundamentals of calculations
International systems of units
Interpretation of medication orders
Pharmaceutical measurement
Dosage calculations
Body Surface Area
Density
Specific Gravity
Specific Volume
Percent, ratio strength, concentrations
Stock solutions
Allegation
Constitution of powders
Clinical calculations
Intravenous infusions
Parenteral admixtures
Rate-of-flow calculations
Enteral and Parenteral Nutrition
Reducing and enlarging formulas

Lecture, modeling

Isotonicity
Electrolyte solutions
Milliequivalents (mEq)
Milliosmoles (mOsm)
Moiety

Lecture, modeling

Questions students have, problem sets,
discussion, modeling, simulation

Lecture, modeling,
think-pair-share

Questions students have, lecture,
think-pair-share, group case
studies modeling
Lecture, modeling, discussion Questions students have, lecture,
modeling, problem set, discussion

Lecture, modeling, discussion Questions students have, modeling,
group case studies, discussion
Lecture, modeling, discussion Lecture, modeling, problem sets,
group case study, discussion

Lecture, modeling

3

Questions students have, lecture,
modeling, problem sets,
group case study, discussion
Questions students have, lecture,
modeling, problem sets, group case
study, discussion
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each item, judges estimated the number of the borderline
students who would provide correct answers; third, judge
estimates were averaged. These judgments represented
the probability that a borderline student would correctly
answer each individual item, which could assume a range of
0 to 1. The final criterion was a 52% for the 12 case, 31-item
Pcalc OSCE.
A single, senior investigator acquired all demographic data for matriculating students. Demographic
data were acquired from the PharmCAS database, University Graduate Admissions data, and paper applications
(transcripts, letters of reference, application form, supplemental application form). Individual GPAs and prerequisite GPAs (overall and prerequisite) were calculated using
all applicable courses that a student completed, including
duplicated course work.
The school uses a holistic admissions process that
includes assessments of critical thinking, written communication, teamwork, and a standardized behavioral interview. Preadmissions interview indices collected include
PCAT composite scores, reference letters scored using
a standard rubric, and prerequisite GPA. Outcomes for
all seven assessments were tabulated, converted to a
100-point scale, and archived by the school’s Academic
Affairs Department. Each student’s Holistic Interview
Score is calculated as the sum of all scaled scores resulting
from the holistic admissions process assessments, prerequisite GPA, PCAT composite, and reference letter scoring.
Both Pcalc OSCE assessments were administered
and scored through use of the Bb.13 Student outcomes
were imported to and analyzed within SPSS version
21.0.0 (Armonk, NY).17
Descriptive statistics were performed on all data
based on variable scale. Intergroup analyses were performed with Chi Square or Fisher’s Exact tests for nominal scale outcomes or student’s t-tests for variables
measured upon continuous scales. Intragroup analyses
of the dependent variable (Pcalc OSCE score at six weeks
and six months) were assessed using paired t-tests. Effect
sizes were estimated using Cohen’s d.18-20
Linear regression analyses were performed for the
purpose of identifying the “true” effect of educational
condition while controlling potential confounding resulting from group demographic differences. For all regression analyses, categorical variables were coded as dummy
variables.21-23 Linear regression models were constructed
where the Pcalc OSCE scores (dependent variable) were
regressed against the main effects of educational condition
(primary independent variable) and the demographic variables including age, gender, ethnicity, certified technician
training, completion of post-secondary course of study,
overall GPA, and percentile PCAT composite.24,25 Models

Students enrolled in both educational models
attended 16 hours of pharmacy calculations education.
The two educational models did differ in class meeting
length. The Marshall University standard course meeting
time is 50 minutes. This meeting length was chosen for
the lecture model. As the flipped model relied heavily
upon active learning, the course instructors identified
the 50-minute standard meeting time to be a barrier to
successful implementation of the andragogy. To overcome this perceived barrier, the flipped model’s class
meeting length was extended to 100 minutes/session.
The primary outcomes of interest for this study were
the students’ short- and long-term ability to perform basic
pharmaceutical calculations after completion of a fiveweek course of instruction. Student performance on the
pharmaceutical calculations objective structured clinical
exam (Pcalc OSCE) was used as a surrogate marker for
student skill mastery. Study investigators with expertise
in the subject matter designed the Pcalc OSCE. After development, the Pcalc OSCE was assessed for content validity during the criterion determination.
The Pcalc OSCE was high-stakes, with students
expected to demonstrate content mastery (competency
achievement) prior to enrollment within the P2 year.
The Pcalc OSCE was administered to students at six
weeks and at six months after completing the course
in their P1 year. The assessment was a two-hour timed
exam comprised of 12 standard cases, each with multiple fill-in-the-blank items being assessed. The assessment was administered through the Blackboard Learn
(Bb, Washington, DC) course management system.13
Correct answers for all assessment items were determined by the lead instructor and adjudicated by the
study investigators prior to assessment administration.
Student competency achievement was determined by
comparison of student Pcalc OSCE scores to an absolute criterion established through use of a Modified
Angoff methodology.14-16 Students whose scores were
greater than or equal to the criterion were identified as
demonstrating skill competency.
During the procedure for criterion establishment,
item judges were school faculty who were familiar with
the calculations required to complete the Pcalc OSCE.
These judges were provided documents containing all
items to be judged, correct answers, calculations for the
correct answers, and blanks for notation of item judgments. Judges were not provided historical item difficulties for the items reviewed and were instructed not to
apply a correction for guessing when rating items. Individual item probability estimates were identified through
a three-step process as follows: first, judges were asked to
imagine a group of 100 borderline P1 students; second, for
4
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the flipped model, but only 59.4% in the traditional model
(Figure 1, p5.035) at the first assessment.
Pcalc OSCE performance at six months was also
assessed. Overall, students enrolled in the study experienced an improvement of 5.1 (10.6)% (p,.0005, Cohen’s
d50.48) in Pcalc OSCE score over the course of the study.
Average Pcalc OSCE scores were 82.0 (11.4)% in the
flipped model vs 78.2 (12.8)% in the lecture model (Table 4,
p5.19, Cohen’s d50.33). Similar outcomes were observed
with student competency achievement. At six months,
97.4% of students in the flipped model and 96.9% of students in the lecture model had achieved pharmacy calculations competency (p5.902).
The possibility that group differences in performance may have been confounded by the greater prevalence of technician certification in the flipped model was
assessed. Overall, certified technicians’ average Pcalc
OSCE performance was not superior to their peers at six
weeks (68.1 (15.6)% v. 66.5 (17.2)%, p5.73) or at six
months (80.5 (11.9)% vs 80.3 (12.4)%, p5.95). These
findings were reinforced by the outcomes of regression
analyses.
The results for the multiple linear regression analyses estimating the relationship between student Pcalc
OSCE performance at six weeks and the flipped model are

for both sets of Pcalc OSCE scores (six weeks and six
months) were analyzed. The initial model in each case
was used to identify a more parsimonious model through
a backward stepwise procedure.24-26 The stepwise process used a p..10 criterion for variable removal. Statistical significance of all analyses was determined using
p#.05 a priori.

RESULTS
Seventy of 78 (89.7%) matriculating students provided informed consent and participated in the study.
Thirty-eight participants were randomly assigned to the
flipped model with the remaining 32 assigned to the lecture model. Demographic characteristics for the two study
groups are summarized in Table 3. Student demographics
were comparable between the two groups with the exception of a greater percentage of students in the flipped
model having a pharmacy technician certification (39.5% vs
15.6%, p5.04).
Average Pcalc OSCE performance was observed to
be higher in the flipped model than the lecture model
(Table 4, 71.3 (14.7)% vs 61.8 (17.7)%, mean (SD),
p5.017, Cohen’s d50.60) at six weeks. Skill competency
achievement followed a similar pattern. Pharmacy calculations competency was achieved by 82.1% of students in

Table 3. Student Demographics

Mean Age Years (SD)
Female Gender – n (%)
Ethnicity – n (%)

Certified Technician – n (%)
Completed Post-secondary degree – no. (%)
Mean GPA (SD)
Mean Prerequisite GPA (SD)
Mean PCAT Indices (SD)

Caucasian
African
American
Hispanic
Asian

Composite
Quantitative
Biology
Chemistry
Verbal
Problem Solving
Reading
Writing

Mean Holistic Application Score (SD)
Statistical analysis performed:
a
Chi Square
b
Student’s t test
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Lecture
Andragogy (n=32)

Flipped Classroom
Andragogy (n=38)

26.6 (6.7)
18 (56.3)
21 (65.5)
5 (15.5)

27.3 (5.5)
20 (52.6)
30 (78.9)
2 (5.3)

1 (3.1)
5 (15.6)
5 (15.6)
19 (59.4)
3.1 (0.5)
2.9 (0.5)
39.5 (20.5)
39.8 (22.4)
49.0 (22.3)
40.7 (19.0)
45.7 (22.4)
2.9 (0.5)
38.5 (23.9)
2.9 (0.6)
438.0 (52.4)

1 (2.6)
5 (13.2)
15 (39.5)
30 (78.9)
3.1 (0.4)
2.9 (0.5)
46.7 (22.0)
39.3 (22.8)
53.8 (26.1
47.6 (25.1)
54.7 (24.0)
2.8 (0.4)
46.0 (25.6)
2.7 (0.6)
443.9 (57.9)

p value
.62b
.76a
.50a

.023a
.075a
.84b
.56b
.16b
.94b
.42b
.21b
.11b
.58b
.21b
.13b
.66b
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Table 4. Comparison of Pharmacy Calculations (Pcalc) OSCE Outcomes Arising From the Flipped Classroom and Traditional
Lecture Models
Outcome
Pcalc OSCE at 6 weeks
Pcalc OSCE at 6 months

Flipped Classroom
Model Mean (SD)

Traditional Lecture
Model Mean (SD)

p value

71.3 (14.7)
82.1 (11.4)a,b

61.8 (17.7)
78.2 (12.8)a,b

.017c
.19c

a

p,.0005 when compared to mean Pcalc OSCE at 6 weeks
Paired t-test
c
Student’s t-test
b

ing durability. The flipped model’s beneficial effects upon
student performance persisted at six months though the
difference was not statistically significant. The students enrolled in the flipped model exhibited approximately a 4%
better performance overall than students in the traditional
model. Failure of this outcome to reach statistical significance may be explained by the effect of forgetting or by the
disproportional effect of additional student learning occurring after completion of the calculations course, but prior to
the six-month observation.
Knowledge loss with time, or forgetting, is one possible explanation for the flipped model’s failure to maintain performance advantages over the study period. We
argue that forgetting is an unlikely explanation in this
investigation due to both learning models showing strong,
statistically significant intergroup performance gains.
These performance gains are indicative of learning, not
forgetting.
Educational opportunities occurring between the
two assessment points is another possible explanation
for the observed reduction in learning model effect upon
student skill performance at six months. Such educational
opportunities would be a concern if they were disproportionately available to one of our two learning models.
The lockstep, cohort nature of the school’s curriculum
does not support a causal explanation of disproportionate

summarized in Table 5. A regression model was also
estimated using student OSCE performance at six
months; however, the flipped model was not a significant
predictor at a level of p#.05.
This analysis will therefore focus upon Pcalc OSCE
outcomes at six weeks. Controlling for student PCAT
Composite scores and overall GPAs, students in the flipped
model were found to achieve an average of 5.8% (CI95% 5
0.0% to 11.8%, p5.051) higher Pcalc OSCE scores than
students in the lecture model.

DISCUSSION
This study was designed to evaluate the effectiveness
of a flipped classroom model versus a traditional lecture
model in promoting student development of skills in pharmacy calculations. Results indicate that the flipped classroom model produces significant, meaningful gains in
both overall pharmacy calculation ability and competency development.
Our study’s results expand upon those published previously. Prior research has shown students to have positive perceptions of, and preference for, the flipped
model.9,12 Student preferences for the educational model
increase almost three-fold after completion of a course
using the flipped model.9 Improvement in student exam
performance has been another observed benefit of the
flipped model with gains in exam score ranging from
0% to 12%.9,12,27-30 These benefits have resulted to an ongoing interest in the flipped classroom andragogy.12,28-30
To date, the majority of studies evaluating student
performance within the flipped classroom have used
quasi-experimental research designs.9,12,28-30 Such studies are known to be potentially limited by both confounding factors and threats to internal validity.31,32 This study
was based on an experimental design, with random allocation to intervention. Such designs reduce internal validity threats and design-related confounding.
Our finding of an approximately 6% increase in student performance, a moderate effect size (Cohen’s d5.48),
supports the results of prior published work.9,12,27-30 This
study has expanded upon the field by investigation of learn-

Figure 1. Comparison of Pharmacy Calculations Competency.
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Table 5. Multiple Linear Regression to Predict Pharmacy Calculations OSCE Outcomes Immediately Post Course Completion

Predictors
Constant
Education condition
PCAT composite
Overall GPA

Unstandardized
Coefficients
B
Std. Error
7.6
5.9
0.5
11.8

Standardized
Coefficients
Beta

t statistic

p value

0.2
0.6
0.3

0.69
1.99
6.71
3.5

.49
.051
,.0005
.001

11.0
3.0
0.1
3.3

CI95%
-14.3
0.0
0.3
5.1

to 29.4
to 11.8
to 0.6
to 18.4

R250.496, p,.0005

provided limited materials in the course. The flipped
model’s pre-work and the lecture model’s lecture material
were of similar content and depth. Additionally, the flipped
model’s in-class problem sets were similar or the same
as the homework assigned to the lecture model. Students
in both educational models were provided instructorproduced solutions to the problem sets. Together, these
actions attempted to limit the opportunity for and benefit
of sharing educational model specific course materials.
A second potential limitation is the nature and size of
the sample. The study used a convenience sample taken
from a single institution’s student body. Such a sample,
though not directly affecting the internal validity, does
have the potential to limit the study’s external validity.
Generally, external validity concerns are addressed by
confirming representativeness of the study sample relative to the general target group.31 In this study, external
validity concerns are minimized by the sample being
a subset of the larger population of pharmacy students and
by the sample having demographic similarities to the larger
population (2012 national means: PCAT composite547;
GPA53.25).33
Small sample size can result in an increased probability of a type II error occurring.34,35 This situation could
have occurred within the study when analyses were performed at six months; however, we contend that such an
occurrence is unlikely. Comparing outcomes acquired at
six weeks with those at six months shows that the variability of observations has decreased approximately 20%.
Generally, such observations would be associated with
comparable increases in power.34,35 Combined with the
potential existence of confounding that was described
previously, type II error being the cause of the observed
six-month outcomes appears unlikely.
This study does not provide insight into the performance improvement or skill development that occurred
while students were enrolled within the calculations course.
The investigators’ choice to exclude student assignment
scores as study outcomes is another possible study limitation. The decision was based upon the information attainable
from the assignments. The intent of the study was to

education as all study participants were enrolled in the same
coursework throughout the study period.31,32 The exception
is student enrollment in experiential learning activities. The
school’s curriculum requires students to complete IPPEs in
community and institutional practice during the P1 year.
The IPPEs are scheduled as five-week block rotations, with
each student scheduled to rotate through one of the P1
IPPEs during two of the five possible IPPE blocks. As they
provide opportunities for skill reinforcement, practice, and
mastery, it would be plausible that some students may have
completed both, one, or none of the IPPE rotations prior to
the six-month Pcalc OSCE and created a situation where
disproportionate learning could occur. The six-month Pcalc
OSCE was scheduled and administered late in the spring
2013 semester as a control for this potential confounder.
Additionally, remedial learning activities were available to all students. These educational opportunities were
required for students not demonstrating pharmacy calculations competency, but participation was voluntary for
all other students. Unfortunately, student participation,
though perceived to be large for each remedial session,
was not tracked and cannot be assessed directly as a confounder of the study’s results. However, it is likely that
these interventions did confound the study’s six-month
outcomes and may have hidden the existence of a stronger
relationship between the flipped model and long-term skill
retention. Regardless of the effect on the study, provision of
remedial training was likely appropriate for the situation
and students. The remedial training successfully supported
the school’s desire to ensure all students were able to prove
competency in pharmacy calculations prior to entering the
P2 year and the associated P2 IPPEs (Figure 1).
The two learning models used concurrently in the
same semester is one potential limitation of this study.
The possibility that students in the two models shared materials cannot be discounted. The study investigators
attempted to limit confounding due to student sharing by
restricting access to course materials through both use of
separate Bb courses for the two learning models and routinely reminding students throughout the semester to refrain
from sharing course materials. Also, the study investigators
7
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compare individual student performance and acquisition of
pharmacy calculations skill competency. Course assignments, problem sets, and cases within the flipped model were
completed during course meetings in collaborative groups.
As a result, grades arising from assignments in the flipped
model would be representative of the student group’s collective understanding or skill and not individual skill. Thus, we
chose to exclude assignment scores as study outcomes.
This study has added to the growing support of using
the flipped classroom model. Research to determine optimal
use of classroom time and to improve efficiency of pre-work
appears reasonable and could expand the benefits to student
learning obtained through application of the flipped model.
A second target for future research is long-term retention of learning. The short-term learning gains associated with use of the flipped model have been well
established, but such gains are of little utility if not maintained long-term. This study’s finding of a small to moderate effect (Cohen’s d50.33) on performance at six
months provides credence to the flipped model having
the potential to facilitate learning retention. Although
long-term gains failed to reach statistical significance
within this study, their exploration continues to be a worthwhile target for future research.
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